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(57)Abstract: 

PURPOSE: To provide an effective manufacturing step 
for a pigtail-type optical module having given efficiency 
in optical coupling using a transfer molding method 
adequate for mass production. 

CONSTITUTION: A subassembly 30 includes a holder 
part 38, in which an optical device 33 is stored, and a 
ferrule 62 can be inserted therein with sufficient 
tolerance in measurement A manufacturing step for a 
pigtail-type optical module comprises a transfer molding 
step, in which the subassembly 30, an electronic circuit 
connected to the optical device 33, and a lead frame 44a 
are molded in a body, and an adjustment step, in which 
the ferrule 62 mounted on the top of an optical fiber is 
inserted in the holder part 38, and an efficiency in 
optical coupling between the optical fiber and the optical 
device is adjusted by moving the ferrule 62 in the 
subassembly 30. In this case, adjusting the efficiency in 
optical coupling can be carried out in three methods: the 
ferrule 62 is moved along an inserting axial line, i.e., in 

the Z-direction, the ferrule is moved in X-direction at right angles to the Z-direction, and 
ferrule 62 is rotated in the subassembly 30. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] How to manufacture a pig tail type light module constituted by unifying an optical fiber 
and a light corpuscle child who are characterized by providing the following, and who were 
combined optically, and an electronic circuitry electrically combined to this light corpuscle child 
A subassembly which held a light corpuscle child, including the holder section which can receive 
a ferrule A process which carries out the transfermold of the electronic circuitry electrically 
combined with this light corpuscle child to one A process which adjusts optical coupling 
effectiveness of an optical fiber and this light corpuscle child who inserted a ferrule with which 
an edge of an optical fiber was equipped to this subassembly after this transfermold process, and 
were held at this ferrule 

[Claim 2] A manufacture method of a pig tail type light module characterized by a medial axis of 
the flux of light which has combined optically said light corpuscle child and edge of said optical 
fiber having a predetermined angle to the penetration direction to said subassembly of said 
ferrule in a method indicated by claim 1. 

[Claim 3] A manufacture method of a pig tail type light module that a bore of said holder section 
of said subassembly is characterized by including a process which is fully larger than an outer 
diameter of said ferrule, moves this ferrule to a right angle to the penetration direction of this 
ferrule within this subassembly, and adjusts said optical coupling effectiveness in a method 
indicated by claim 1 or claim 2. 

[Claim 4] a manufacture method of a pig tail type light module characterize by include a process 
which adjust said optical coupling effectiveness by grind so that a head of an optical fiber 
inserted in said ferrule may incline to a right-angled field in a method indicated by any 1 term 
from claim 1 to claim 3 in an optical axis in this optical fiber point , and rotate this ferrule within 
this aforementioned subassembly . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture method of an optical module. 
This invention relates to the new manufacture method of the pig tail type light module 
constituted by an electronic circuitry including the light corpuscle child who is light / electric 
sensing element, or the electrical and electric equipment/light-transforming element, and its light 
corpuscle child by unifying the optical fiber for introducing or deriving a lightwave signal more at 
details. 
[0002] 

[Description of the Prior Art] Pig tail type light modules are components which combine an 
electronic circuitry including the light corpuscle child who are a light emitting device and/or a 
photo detector, and the optical fiber which introduces or derives a lightwave signal to this light 
corpuscle child, are constituted by one, are mounted on a substrate with the electronic circuitry 
according to a use etc., and are used as an interface of a lightwave signal transmission line and 
an electronic circuitry. 

[0003] Drawing 9 is drawing showing the conventional configuration and the conventional 
manufacture method of a pig tail type light module by the example of the optical transmitting 
module which makes a laser diode (LD) the light source. 

[0004] As shown in this drawing, the conventional pig tail type light module is constituted by 
attaching the subassembly 13 which combined with one the circuit board 12 which mounted the 
integrated circuit 11, and optical fiber 13a and a light corpuscle child to a metal package 14, 
respectively, and considering as one. 

[0005] Such an optical module of a configuration is manufactured at the following processes. 
First, subpackage 13d which held the light corpuscle child, and optical fiber 13a equipped with 
ferrule 13b are attached to sheath body 13c with a rib, and the subassembly 13 is produced. 
Next, the metal package 14 which held the circuit board 12 is equipped with the subassembly 13, 
and further, the subassembly 13 and the circuit board 12 are connected by soldering or bonding, 
finally a metal package 14 is closed with covering, and it completes as an optical module. In 
addition, at the time of the assembly of the subassembly 1 3, the optical coupling effectiveness of 
optical fiber 13a and a light corpuscle child carries out optical-axis doubling, and is ac(justed. 
[0006] By the way, in actual manufacture of the above optical modules, since the subassembly 
with which a light corpuscle child, an optical fiber, or the receptacle section was united is 
supplied, it is used. However, even when the subassembly of the same specification is used by 
dispersion, such as a light corpuscle child's luminescence power, and a size of the member 
currently used, in the optical coupling effectiveness of the optical module obtained eventually, 
dispersion arises impossibly. On the other hand, in the optical transmission system etc., 
specification is set to the maximum and minimum of I/O light power to the optical module to be 
used, respectively. Then, in the manufacture process of an optical module, after sorting out the 
subassembly, the optical module was assembled and every one actuation current etc. was 
further adjusted strictly in accordance with the property of the used subassembly. Therefore, 
productivity was low to the top where the yield of the subassembly which can be used is low, 
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and cheap-izing of the optical module shipped and fertilization were difficult. 
[0007] Then, applying the transfermold method applied to the packaging of a production-model 
integrated circuit also to manufacture of an optical module is proposed. Drawing 10 is drawing 
showing the example of a configuration of the subassembly used when manufacturing an optical 
module with a transfermold method. 

[0008] By the transfermold method, as shown in this drawing, after wiring beforehand the 
subassembly 22 containing the light sensing portion or light-emitting part 25 which consists of 
the receptacle section 21 which receives the optical connecter with which the edge of an optical 
fiber was equipped and a light corpuscle child 23, and lens 24 grade, and the leadframe (un- 
illustrating) which carried the electronic circuitry, it fabricates to one with transfermold resin, 
and is manufactured. In addition, clearance of the garbage of a leadframe and plastic surgery of 
an outer lead are performed after a mold. 

[0009] Metal mold which holds a member by the above transfermold methods in the process 
unified with resin It is necessary to heat to 150 - 200 **. Therefore, it is mainly impossible from 
the heat-resistant point of an optical fiber to apply this method to manufacture of the pig tail 
type light module which even the optical fiber unified. Moreover, the manufacture method of 
equipping with an optical fiber after a transfermold process does not have a method of adjusting 
the optical coupling effectiveness of an optical fiber and a light corpuscle child, and the stable 
yield was not able to be obtained. 
[0010] 

[Problem(s) to be Solved by the Invention] Then, this invention sets it as the object to offer the 
manufacture method of a new optical module that the pig tail type light module which solved the 
trouble of the above-mentioned conventional technology and fitted mass production and which is 
a transfermold method and has predetermined optical coupling effectiveness can be 
manufactured efficiently. 
[0011] 

[Means for Solving the Problem] In a method of manufacturing a pig tail type light module 
constituted by unifying an electronic circuitry electrically combined to an optical fiber and a light 
corpuscle child who were combined optically, and this light corpuscle child when this invention 
was followed A subassembly which held a light corpuscle child, including the holder section which 
can receive a ferrule, A process which carries out the transfermold of the electronic circuitry 
electrically combined with this light corpuscle child to one, A ferrule with which an edge of an 
optical fiber was equipped is inserted to this subassembly after this transfermold process. And a 
manufacture method of a pig tail type light module characterized by including a process which 
adjusts optical coupling effectiveness of an optical fiber and this light corpuscle child who were 
held at this ferrule is offered. 
[0012] 

[Function] The manufacture method of the optical module concerning this invention includes the 
process equipped with an optical fiber after a transfermold process, and the main feature is in 
simple and the point of being considered so that it can adjust to accuracy, about the optical 
coupling effectiveness of an optical fiber and a light corpuscle child. 
[0013] That is, even if it could not insert in metal mold, equipped with an optical fiber as 
mentioned above even if it was going to manufacture the pig tail type light module by the 
transfermold method and was going to equip with the optical fiber after the mold, the method of 
adjusting the optical coupling effectiveness of an optical fiber was not established. 
[0014] On the other hand, according to the manufacture method concerning this invention, the 
leadframe which mounted the electronic circuitry is first united with the subassembly containing 
the acceptance section of a ferrule by transfermold. Next, a light corpuscle child and an optical 
fiber are optically combinable by equipping with a ferrule at the head of an optical fiber, and 
inserting this ferrule to the subassembly after a transfermold process. Here, according to this 
invention, in case a ferrule is inserted, the optical coupling effectiveness of an optical fiber and a 
light corpuscle child can be acjjusted using the light corpuscle child itself. 
[0015] That is, if one mode of this invention is followed, within the subassembly by which 
transfermold is carried out, it will shift from the optical axis of the optical system arranged 
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between the head of an optical fiber, and a light corpuscle child, and a light corpuscle child will 
be stationed. Since the optical coupling effectiveness of an optical fiber and a light corpuscle 
child will change with such arrangement according to the penetration depth of the ferrule 
inserted in a subassembly, it becomes possible to perform the coarse control of optical coupling 
effectiveness easily. 

[001 6] Moreover, if other modes of this invention are followed, in the above-mentioned 
manufacturing process, a parallel displacement can be carried out without changing the position 
of the ferrule which inserts a subassembly and a ferrule by connecting through the pars 
intermedia material of a suitable configuration, and the optical coupling effectiveness of an 
optical fiber and a light corpuscle child can be changed smoothly. Therefore, it becomes possible 
to perform the coarse control of optical coupling effectiveness easily. 

[001 7] Furthermore, in the above-mentioned manufacturing process, if the mode of further 
others of this invention is followed, the end face at the head of the optical fiber to insert will be 
ground so that it may incline to a right-angled field in the optical axis in an optical fiber point 
(head which is a ferrule actually). Thus, since the optical coupling effectiveness of an optical 
fiber and a light corpuscle child will change according to the angle of rotation when rotating a 
ferrule by processing it, it becomes possible to tune optical coupling effectiveness finely easily. 
[0018] According to the method of above this inventions, a pig tail type light module can be 
manufactured by the transfermold method with which the manufacturing cost was low suitable 
for mass production, and the optical coupling effectiveness of the optical fiber in the optical 
module and a light corpuscle child can be adjusted with a precision often [ workability ] and 
sufficient. Therefore, the sorting criteria by the variation in the property of a subassembly can be 
eased, or adjustment of actuation current can be simplified or omitted, and it becomes possible 
to manufacture at a low price and promptly the pig tail type light module which suited 
predetermined specification, such as an optical transmission system. Moreover, by the method 
concerning this invention, since the adjustable range of optical coupling effectiveness is wide, it 
can respond widely to much specification, dispersion of the property of an element to be used. 
[0019] Although an example is given and this invention is explained more concretely hereafter, it 
does not pass over the following disclosure in the one example of this invention, and it does not 
limit the technical range of this invention at all. 
[0020] 

[Example] The manufacturing process of the optical module which used the laser diode as a light 
corpuscle child is mentioned as an example, and the manufacture method of the optical module 
concerning this invention is explained concretely. 

[0021] Drawin g 1 is the cross section showing the example of a configuration of the subassembly 
30 used in the manufacture method of the optical module concerning this invention. 
[0022] As shown in this drawing, the subassembly 30 mainly consists of a disc-like stem 36 and 
a holder 38 of the shape of a cylinder which equipped the end with the stem 36. In order to give 
facilities to handling, slot 38a is formed in the peripheral face of a holder 38. Moreover, the ball 
lens 31, the cap 32 which supports it, a light emitting device 33 and the photo detector 34 for 
monitors, and submounting 35 for supporting them are mounted in the field inside a stem 36. On 
the other hand, the lead pin 37 for connecting a light emitting device 33 and the photo detector 
34 for monitors, and an external electronic circuitry is formed in the outside of a stem 36. 
[0023] Here, the ball lens 31 is being fixed to the cap 32 by binder 32a, such as low melting 
glass, and the cap 32 is welded to the stem 36 by resistance welding etc. Moreover, the light 
emitting device 33 and the photo detector 34 for monitors are being fixed by die bonding through 
the submounting 35. furthermore, a light emitting device 33 and the photo detector 34 for 
monitors, the lead pin 37, and stem 36 the very thing — a wire etc. — or it is combined 
electrically directly. Moreover, the holder 38 and the stem 36 are being mutually fixed by 
resistance welding, laser welding, adhesives, etc. 

[0024] In the subassembly 30 constituted as mentioned above, although the ball lens 31 is 
constituted so that the center may be located on the center line of a holder 38, the light 
emitting device 33 is arranged in the location which swerved from the center line of a holder 38. 
Therefore, the focus F at the time of converging the light by which outgoing radiation was 
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carried out from the light emitting device 33 with the ball lens 31 is connected to the location 
shifted from the center line of a holder 38, as shown all over drawing. If it puts in another way, 
the center line of the flux of light converged on Focus F is making the angle the center line of a 
holder 38, and predetermined. Specifically, the distance between the location of the light emitting 
device 33 as the point light source and the center line of a holder 38 is 50-100. It is mum grade. 
[0025] In addition, although the ball lens was used as optical system in the example shown in 
drawin g 1 , even if it uses an aspheric lens, a rod lens, etc., there is no functional change. 
Moreover, the location of the center of the ball lens 31 as optical system may be shifted and 
arranged in this center line and the right-angled direction instead of arranging a light emitting 
device 33 on the center line of a holder 38. 

[0026] Drawing 2 is drawing for explaining the process in early stages of the manufacture method 
of the optical module concerning this invention carried out using the subassembly 30 which has 
the structure shown in drawing 1 . 

[0027] As shown in this drawing, the ceramic substrate 43 which printed the conductor pattern 
and the resistor is first pasted up with conductive resin etc. on the flat leadframe 44. Then, an 
integrated circuit chip 41 and capacitative element 42 grade required since the optical module 
which has a desired function is constituted are mounted on the circuit board 43 by the die 
bonding by conductive resin or solder. Moreover, a leadframe 44 is equipped also with the 
subassembly 30 including a light corpuscle child and optical system. Then, the pad of the circuit 
board 43 and the lead pin of the subassembly 30 are connected with a leadframe 44 by the 
bonding wires 45, such as aluminum wire and Au wire. In addition, the property of an actuation 
circuit can also be adjusted by technique, such as laser trimming, at this process. 
[0028] Next, the circuit board 43, the subassembly 30, and leadframe 44 which were unified as 
mentioned above are inserted in metal mold, thermosetting resin is poured in into this metal 
mold, and transfer formation is carried out. Then, the garbage of a leadframe 44 is removed and 
outer lead section 44a is operated further orthopedically suitably. The resin package 50 as 
shown in drawing 3 is obtained after the above processes. However, as shown all over this 
drawing, it is not equipped with the pig tail unit 60 which still contains an optical fiber 61 and a 
ferrule 62 at this event. 

[0029] That is, as shown in drawin g 3 , an optical fiber 61 is in the condition equipped with the 
ferrule 62 at the head, and is further combined with the subassembly 30 through a sleeve 63. 
Drawin g 4 is the cross section showing further the integrated state of an optical fiber 61 and a 
ferrule 62, and the subassembly 30 in details. 

[0030] As shown in this drawing, the bore of the holder section 38 of the subassembly 30 is 
larger than the outer diameter of a ferrule 62, and sufficient gap remains among both. The sleeve 
63 put in between between a ferrule 62 and the holder section 38 here is cylindrical as a whole, 
and the bore is almost equal to the outer diameter of a ferrule 62. Moreover, the flange is formed 
in the end of a sleeve 63 and the end face of the holder section 38 of the subassembly 30 is 
stuck mutually. Therefore, while being able to make a ferrule 62 insert in the interior of a sleeve 
63 freely, it is constituted, without changing the position of a ferrule 62 by moving sleeve 63 the 
very thing so that a parallel displacement may be carried out. 

[0031] A location can be adjusted by three kinds of methods of the method of moving forward or 
retreating a ferrule 62 in the direction Z of an optical axis of the optical fiber 61 with which self 
holds a ferrule 62 in the condition of having been equipped as shown in dr awi ng 4 , the method of 
carrying out a parallel displacement in the direction of an optical axis of an optical fiber 61, and 
the right-angled direction X using a sleeve 63, and the method of rotating only an angle theta 
centering on the optical axis of an optical fiber 61. In addition, alignment can realize optical 
coupling effectiveness of arbitration by carrying out making a ferrule insert in a sleeve and 
carrying out the monitor of the optical output. Moreover, the ferrule 62 and sleeve 63 after 
adjustment are fixable to the subassembly 30 using adhesives, laser welding, etc. 
[0032] Drawin g 5 is a graph which shows change of the optical integrated state of the optical 
fiber produced when changing the distance of the end face of an optical fiber 61, and the ball 
lens 31 by the method of moving forward or retreating a ferrule 62 to a Z direction among the 
above-mentioned adjustment methods. As shown in this drawing, according to conversion of the 
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location at the head of an optical fiber, optical coupling effectiveness changes with a peak of a 
position P-1. That is, if it extracts to the Z direction at **** once it inserts a ferrule deeply, an 
optical output will be increased gradually toward a peak, and if a peak is greeted in a position P- 
1 , it will decrease henceforth. 

[0033] Moreover, drawin g 6 is a graph which shows change of the optical integrated state of the 
optical fiber 61 produced when changing the distance of the optical axis in the end face of an 
optical fiber 61, and the optical axis of the ball lens 31 by the method of making the parallel 
displacement of a sleeve 63 and the ferrule 62 carrying out in the direction of X to one among 
said adjustment methods. As shown in this drawing, according to conversion of the location of a 
sleeve and a ferrule, optical coupling effectiveness falls in this case in other locations with a 
peak of a position P-2. 

[0034] Furthermore, drawing 7 (a) It is the graph which shows change of the integrated state of 
the optical fiber 61 produced when only an angle theta rotates a ferrule 62 among said 
adjustment methods. As shown in this drawing, optical coupling effectiveness changes with a 
peak of the predetermined revolution location P-3 by making one revolution according to the 
revolution of a ferrule into one period. 

[0035] Here, it is drawing 7 (b). And (c) As for the end face at the head of the ferrule 62 with 
which the optical fiber 61 was equipped, it is advantageous to grind aslant so that it may not 
become the optical axis and right angle of an optical fiber 61 so that it may be shown. First of all, 
by the optical module for transmission which made the laser diode the light source, the end face 
of a ferrule is aslant ground in order to prevent that the oscillation condition of a laser diode 
becomes instability by the reflective return light from a ferrule end face. Also in this example, 
although this effect is acquired, by this example, other effects acquired by grinding a ferrule end 
face aslant use further. 

[0036] Namely, as for the center of the flux of light of a bias, outgoing radiation light, or incident 
light, distribution of the outgoing radiation light in the end face of an optical fiber 61 or incident 
light comes to have a predetermined angle to the medial axis of an optical fiber by grinding the 
end face of a ferrule 62 aslant corresponding to the dip of an end face. Therefore, drawing 7 (b) 
And (c) When a ferrule 62 is rotated so that it may be shown, it is drawin g 7 (a). The optical 
coupling effectiveness of an optical fiber to a light corpuscle child changes so that it may be 
shown. 

[0037] Although there are three kinds of methods in order to adjust the optical coupling 
effectiveness of an optical fiber and a light corpuscle child in the manufacture method of 
following this invention as explained above, it is advantageous to a actual target to adjust so that 
the greatest optical coupling effectiveness may be first acquired by adjustment of a direction 
(the direction of X) vertical to an optical axis, then a suitable optical output may be obtained by 
adjustment of the direction of an optical axis (Z direction) etc. The reason is that it is hard to 
carry out precise adjustment since change of the optical output to the fixed movement 
magnitude of a ferrule is steep in the direction of X. Moreover, since the optical coupling 
effectiveness of an optical module changes a lot by slight conversion of the direction of X of a 
ferrule, in view of other viewpoints, when adjustment of the direction of X performs final 
adjustment of optical coupling effectiveness, the long term stability of optical coupling 
effectiveness tends to be inferior. 

[0038] When a single mode optical fiber is used as an optical fiber, an optical module is 
specifically produced as a light corpuscle child using a laser diode and a ferrule is moved to a Z 
direction in the condition of having adjusted so that the maximum optical output might be 
obtained by adjustment of the direction of X, optical coupling effectiveness is from the greatest 
condition. The optical output decreased by 8dB to the movement magnitude of 500 micrometers. 
This means that an optical output can be adjusted in 8dB, if the optical module which has the 
adjustment cost of 500 micrometer if it puts in another way is produced. 

[0039] Moreover, by the adjustment method of rotating a ferrule after grinding the end face of a 
ferrule aslant, the range which can be acjjusted is decided by the amount of offset of the optical 
axis of the ball lens 31, and a light corpuscle child, and the angle of slanting polishing. The 
amount of offset is 50 micrometers, and when the angle of the end face made to incline by 
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polishing is 4 degrees, specifically, the change width of face of the optical output by the 
revolution of a ferrule is set to 3dB. In addition, when all adjustments are performed only by the 
adjustment method by migration of the ferrule of the above-mentioned Z direction, since the 
overall length of an optical module may become large too much, it is advantageous to also use 
the method by the revolution of a ferrule together. 

[0040] According to the method concerning above this inventions, precise adjustment is also 
easy while migration or a revolution of a ferrule can adjust an optical output in the large range. 
Therefore, it is, and dispersion in the property of a light corpuscle child or a subassembly can be, 
and it cannot crawl on it, but it can be absorbed without adjustment of actuation current in the 
large range by adjustment at the time of optical module manufacture by kana adjustment. 
Therefore, while being able to simplify manufacture of an optical module, the tolerance of the 
property of the subassembly which can be used, and a light corpuscle child becomes large, and a 
manufacturing cost can be reduced as a whole. 

[0041] Drawin g 8 is drawing showing the appearance of the optical module completed through 
the above processes. 

[0042] As shown in this drawing, after adjusting an optical output by the above methods, an 
optical module is completed by fixing a ferrule 61, a sleeve 63, and the subassembly 30 mutually. 
Laser welding etc. can perform these immobilization. 
[0043] 

[Effect of the Invention] As explained above, according to the manufacture method concerning 
this invention, it becomes possible to manufacture the pig tail type light module with which even 
the optical fiber was unified with a transfermold method. 

[0044] Namely, in the manufacture method concerning this invention, it can equip with an optical 
fiber after a transfermold process, and the optical coupling effectiveness of an optical fiber and a 
light corpuscle child can be adjusted with sufficient workability. Therefore, breadth, productivity, 
and a manufacturing cost are remarkably improved for the tolerance to dispersion in the 
property of a light corpuscle child and a subassembly. 

[0045] Since this invention enables it to mass-produce the pig tail type light module whose 
engine performance was cheap and was stable, development of an optical transmission system is 
promoted. 



[Translation done.] 
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*<Dyt%¥\zKiM*$&mA$>z>wtmtii-rziz#><Dyt7 
7 -in tz-mtvTm&zwc e y ^-juh**-? 

3.-;K0«ffflft«jfi*j*K:Ba-r*. 
[0 0 0 2 ] 

-frtt£&&isT— mzmf&ztix&o, mmzfotfc 
nT®&mtmzmwL.tiznmi*nT. xm^fcmmt 

[0 0 0 3 ] B9I1 ^*Ot7^f-;H^xv?i- 



;KZ)«riti:l!lifi*fet*. U— Sf^-f*- K (LD) * 

[0004] HHKjR-f «fc-5»c. asferotfy^T— ;m 

05 Jfc^a-JHi, #MXll!&ll£&£l,fc[slIft££12<!:. 
3t7 7 -f A*13 a t**^t y -fc 

[0 0 0 5 ] dro e tc.«:1»fiEW7 l e ; &>'z I .-;Ki. £AT<£> 

io ioftxg-trssissns. st, jt*^ *jR«ufc-y-^ 

Ay dr- V s 1 3 d t; 7 x ;U- JH3 b £ g» U Tift 7 7 -f A* 
13 a t £ U y#0?«#: 13 c K|ft*tt ItT. 17^7 y -fe > 

Ay ^-^14^17^7 yfe>yj 13*^*0, JE»c, -tr 
15 ^7yfe>^'J-13tiaK*«12tt*ffl#tt**^tt* 
>tV >^fcJ:0*«U wmz**frK«j>r- : *\kit 
i3 A'- fc «t o T$*ik L Tft^E v £ L- T^J*f -5 . 
W. ^■7 7'TA-13ai^^ : f i©3fo»£»*tt. it^T 
y-fe>yj 13Wiia55:TR#{C7 l dtt^-ar ; & L-TPS^tl 
20 £. 

[0 0 0 6] ±ai(7J«J:3^ ; t> ? i-;UOT3l 

?>7fr&ttf—&<kt<nfti)-7'7y±.>7'vtfmi&2n 

m&WT'y v±>7~>j z mm Ltzm-sx-'b. mi&#nz 
&znzft^z'^—fr<»yt&&®miziz^miz\ l z<b'3 

?n, ^ffl-r^>7 , e^:vi-;nc»LTAtB^^A'7-o 
ir^7yfe>^'J«»tt»z*to-STB»««<9tt^t-3 

[0007] -s-c-e, mmmmm\2i®<Drtv5—i?>if 
izmm-ztiT^z h ? > *7 7 "t-fr Fiittft^i; =>. 
-fr<Dnmiz%mm-rzz\iitf&mzftT^z. mo 

40 h5>X"7 7 j e-^K^{C<j;07t : E>'i-;U«:8 

[0 0 0 8] WB»=«rJ:3l=, h7>X77 : £-^F 

45 S*T*Hr7 r ^i'^«21ftJ:tf3tt*-T v 23, U>X24^ 

22 1, *THISS^if«bfcU-K7^-A (TBw) <t 
*^*7-f-\"J>^Ufc±"C, h7>7s7 7^-fr\ t m 

Bnz£K>-mztiLm[sxmm2nz. m. y-K7u- 

50 A©^FB«»©ll§8*t77^U-KOtt»ttt*-^K 
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mznt>ti%. 

[0 0 0 9] ±iz£©«fc5&, hJVX^yt-Jl'F^ 
Ttt. tSflif fC =k 0 -<fc{fcT SXglC&^TlWSriK^-f 
•g^-g^ 150-200 *C(c:JP^r-2.i^S755*-5o tot, 
ft 7 7 -f A * "C *> — *fb 1/ tt tf y J'f-JUft v a - 
;KO«jfi»C £ CD* ft£il ffl f 5 £ i tt. 7 7 -f A 

-JU Kia«K:jtt7 r-f /tft«*T*«jB#i*tt. ft 7 
[0 0 10] 

[5fi^»*b±-5<fr*»B] ^Ct, #5S9itt, ± 
[0011] 

^ K» b Tl«« 3 nfe«^ls!S§ £ * -#<t b T 

tc^^T. 7x;u— ^*s$f-5ct7&«-e#*5f:;u^as 

££*J/2ft*'F-£iK^bfc1r77yi:>7U t, 05ft 

an^cmawtii^nfem^ 0Kt*-#tc h ? >x 

«ro&1r77«y-fe>7'J'C*fbT. ft7 7-f A<0«W5fc 

ftfcft 7 t -f A &tt%*?£0%tt-fr»**llflE 
T5XS <*: *.£tr H <h SWatT « K y T"? - — ^"Sft^ 

[0 0 12] 

HWH] *«filC«*3tt*S?a-;l/Ottfi*t6J4, ft 7 
JLO. 3t7-5"f A<hft3S"f£C0ft*'f£-2'l'$£fBf<I 

[0013] sp^ mascot 7>te, h5>x77 : e-;i' 

K ttT t 7"7— JUMft^E -7a — ;u * 92 it b J; 5 £ b 
TfrT. £Ac. ^— ;UK«Kft7r-f A*Jg*l,J:3 t 

bit), %7t< n<DKfe^m*m^ttmmiL 

[0 0 14] dfttCttbT. *56W::«4aiS:frfe"CJ: 
fttt\ S^IU!S*JISbfcU-h*7U— 7 

xJI/-^CQ§§gB£$tr!r77y-fe>7U <h. h7>X 
7 7^-^hMCckO— "M^ftS. 7t7T-f/N*ro 

5fejfiHc7x.;w— h7>^7r : E-JH ; il 

7*7 v -t > 7 U tC*t bT C CO 7 x JU— ;P£f*A-f 



sitii'Tts. z.z\v, *^^lc:J;-5i, 7xju— ;u 
£ # at ski;:. ^tm^BW^mmvx, 
ft*"F£©ft»fc*»**PiMsT* z. 

[0 0 15] IP*.. #5g""""C9— fttaUC^..*:; l-7>X 
05 7 7*-^KSft*tr77v*>7* l JrtTtt. 367 7-f 

1r 77 y -fe >7 U lc if AT -3 7 x;i/— ;l/COiiAiSS fCfS 
UTft7r^A£ft*^i©fttt£»*#«ftT*££ 
10 ic&^CDT. 3tttt^3»*<Z)a»ISS*»tcff5Ct*«"ei 

[0 0 16] *f8?rjO«©tt"*Cte5t. -Lf2§2 

jgXSlC&t^T. +J-77-yfe>7U t7xJU-;Ut$r. 

15 AT£7 3L)V-)V(D^^it^^Z.hiS.<W-n^W) 

[0 0 17] 3Ct, #Bfi©XK:«©lB*K:t£3 £. ± 
20 faSifiXSK^^T. }¥AT-"'>ft7 7'f A^StSSCDSgiB 
* (^lCtt7xJU-;KD$ ) c«'i*lC) , Jt7T-fA , 5 l c 

SbT43<„ rcD.fc^lCjjaXTSCiitCiO. 7x;U- 

25 A* <t ft*^ <t ©fttt^Sft-H^SEft-r *CiC«t*«5"C. 

[0 0 18] «±<75J:^7a:2(s:^qf!©7j^ir<fctltt. SSit 
3 7 h^<S<fij£(Cfflbfc h9>X7r-e-;H-*73SCT? 

30 j eroft ;: E>*x-;nc*it-5^7r'r Atftjg'PtW 

^tt«usT2.c:t75tT#, ytmisi/XT&mtoWifenM 

35 t&'Cil^- bfc e y 7 , 7-;naft ; ErV3.-;P$r 

l*T?tt>t»^*»*©OIS«H3&*l2:^«)T, & Knitted 
mm T-5 *^©W4«tf ^ 73 b TJ£ < 

40 [00 19] fii.T, *tt«**tfT*5fiWfe«tO*#fl?) 
[0 0 2 0] 

[0 0 2 1 ] Eilltt> **WKlffl'-53t ; E^a.-^KOKja 
7j ft IC*3 1» Tffiffl $ ft 4 It 77 y -fe > 7 U 3 0 CO £ 

50 [0 0 2 2] mW\Z7]k-t£olZ. 1t77-v-tr>7U30 
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14, F3&#©XT-A36<h. -«»C*T-A36*S*UfcH 

mftn-fcjisyMtfrb&zmf&ztiT^z. *;i^38© 

^Ji®tCl4. Wm-XD&g.&mZIZtbteMZZatfl&l&Z 
XT-A36©F*g$J©®ICl4. 3»U>X31 
i. ^*l££frTS*r y^32i. ^7^*^33*^^ 
-^ffl^^34i:. *nS*3E»r*fc«>©-!»-y"7 , 5 
> h35£#*8SnT^*. XxA36©*HB!ilC 
14. ^7t^33fe e fc^^5'fflS^^34<hn^« : F 
@Kt««at§&»© 'J — Kfcf >377&*15t*t 6ttT^ 

[0 0 2 3] CCT. S£U>X3H4ffilS16;tf7X^©J$ 

32ttffitt***SC,fc0XT-A36K*ttSft , O>*. * 
fc. ^7t^33*5=kt/ ; Ezi^ffl^^ : P34«. -y-^T^ 

■5. IC. ^^33*5«fc^-^fflS^*^34t U - 
h*tf>3743J:^-rA36S#i:«, 7-ftfl:J:^T* 

<bXxA36<i:l4. JgJSti§&. U— !f*tt. 

[0 0 2 4] ^:©J;5lC»j££nfc+>-77-y^>7U 
30IC:fc^T. J$U->X3H4, Jft;Uy38©tf>'C,^±{C^CO 

14. TK^ySBWl'^llji^^tXfcffiBJCEaanT^ 
*. fie-^T, ^3g^33^effl«-anfe7 l 6^U>X31 
CJ:0«*Sn*«W>*Rj*Ftt, Hf J; sic. * 

;i/^38<o^-6iBiA^tt-rnfcfi:a{ciS«n-5. swim 

T©3Sft3it^33©teK<i#JU^38©*<fr8l<h©|y]©^l8 
14. 50~100 wmSST^-S. 
[0 0 2 5 ] ft, Hl»C*bfc«Ttt3tt**<!:UT3»U' 

> , X310«f^Offi«*Cfl!)«f4>«lta[Aa:*l*ltf6b 
[0 0 2 6] i2il HI 1 iC^LfcflljtSr^T-aityT 

[0 0 2 7] H0tC*-rj:3IC. *1\ 
Jgffi#£f^J&iJL£:-fe7 5-;/^S«43£. hft'J- 

tt^HStCfc-B^-f j^t^ >^T-[HlS§g«43±lc3t§g 

U30"b'J-K7U-A44tCfi»-r*. «t»T. 
43© A <y K *5 J; -y-7 7 y iz > 7* U 30© 'J - K tf > 



A17-f-V\ Au7-f^©#>-7^ >^"7-r-\r45(C J: 0 U 
-h*7L— A44£t&isrf-3. «, U— tfi- 
05 [0 0 2 8]#IC. ±kE©i3»CUT— WfcbfelHlSSS 
£43. -y-^T y -6 >7'J 3043 <fc O'U - K 7 A44££ 

•>X7r»*T4. tt<^T. 'J-h'7U-A44©^5«B 
#£Bft£L. MIC. 7"7*'J — Kac44a*iia:s^-r 

10 -5. H±roi54Il©a. 0 3}C^-f <fc5&»fl§/'W 
^r— x50*i#5tlS. {fib. |WIEI4'lC^T«k5lC. C© 
B#,6TI4. A*6143«fctf7x;i/— ;U62€r-&tI 

[0 0 2 9] IPS. EI3lC^-r«to(C. ft7r-f A61 

is i4, ^nftmzyjLfr-juM&gimznfcttm-?* m 

IC. X'J-763$:^tT-y-'7'7-y-fe>-7' l J30lC^-a-an 
1411 5t7T'fA61*3«fctJC7x;U— ;l/62t-y-7 r 7' 

20 [0 0 3 0] ^HaiC^-TctSlC, +>-7*7'-yfe>7*'J30© 
*;uygB38©F*I&l4. 7 x JU— ^62©fl-S<=k 0 < 

C1?7x;U— ;U62<t*^«38t©|BU=BI»an*XU 
-76314. LTl§it*iT*0. J E-Ortg^7iiH 

25 ;U62©^l-aicei^L.^. X'J — 7*63©— 3SICI4 

yyy-JUtw&znT&K). -tf-77-;/-fe>7D30©* 

;U^g|538©«ffi®<h5rS:^IC^»LT^-5o tot, X 'J 
- 76 3 © 1*1 85 lc y x ;U62 £ g * icjfil £ -& S d i ** 

30 7x^-^62©sB»*SEfl:***il<tft< 3 Ftf»»S-& 
5J;5SClftj£SnT^3. 

[0 0 3 1] 04fC^-TJ:5lC^*anfc«Sn?. 7i 
;i/-;i/62«, S#©«»-r«3tt7r-f A61<D3tt«l*[*lZ 

ic7x;p-;P62^Sfrji*Ac:«mjia-a-s^?Si. X'J- 

35 763^«fflLT^7 7-f A*61©3fc«S:#|fi]<t:it£l&:&[6]X 
lc¥fT#»£-t!:575*££, ft7 7-fA*61©ftte£*daic£ 
fc'lttiiea-tt^^i:© 3 it) ©73i£T-ftg£il9& 

IBS^©7x;U-;i/6243j:^XU-763tt, tt* 
«l. U— y-'?Sa*^ffl^T+t-7T-v-tr>7U30lCH^r 

[0 0 3 2 ] H5I4. ±KISS^ffi©-5*». 73-)V-)\> 
45 62* Z»miKlttJlSfcttSHaSlt*if»lc J: 0 Jt7 r -f 
A61©*SB<i:^U>X31i©SElllS:^ta-e-fc«^lC^ 

-c»4. I^Elc*-TJ:Slc. m^roficBP- l *tf-i7 

50 *«^fb-r-5= BP'S. 7x;l/-^«r-fi«<l*ALT*» 
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[0 0 3 3] BT6tt. (WIEWS*»©5^. X 'J 

- 76343 J; Uy x £ — #K X \z¥-'fT&Wi £ 

[0 0 3 4] MIC. 0 7(a) iWISPfi^fi©? 

r-r jmnm&ffl&tomt&TP-tifyy-v&z. mmz 

xJU-JK75(U|£fCJ^i:fcllsIK* lSIiLTM^ 
[0 0 3 5] CCT, 0 7(b) 43cktf(c) (C^-Tcfca 

mmzmsbizmmTz z.t\z£ znzmtowm %m 
[oo3 6]en-fe. y jLfr—jwKDiftm&fotbizmm-r 

-SdiilCckD, ft 7 t -f A-61C0SM(C*5tt-StUlt^Sfc 

fcttXW3tC03t^<O*^tt, ft7r^AN7)*<i>ttlC*fU 
Tfifr^W^Jg^fc^J;? ft^T, 07(b) 

tf(c) (C^-r<ko»C7x;U-;U625(Hie^i±^<*:, 0 7 

(a) »c^-r<fcp{c. 3fe*^K»r**7T-r A*«7tM-a- 

[0 0 3 7] EU:lft9iLfc«fc'5»C, *5§^tC«65»ii* 
^T^fe«i)(C3a^cr)*aA ! S>^^. HIRWlwtt, * 

5i, 7x;P-;K7DX^t6]»fc-rA^a^"e^6 ; Evi — 
[0 0 3 8] JWfrWCtt. ^77-fA'tLT-»m 



Z75(6](C7x;i/-;l/*^S)$ti-^i:, ftM^**^* 
05 ro^Sg^e 500wmcO^Ki*(C^LT7 , 6tti^7!) i 8dBM'> 
bfc. Cl©C<hte. jftfl-rntf.- 500/tm©Hfift««» 
■Stt^a.-^SftMR-rtltf, fttii;>j£8dBcDiEHTPI 

[0 0 3 9]. 7x^-;K73«®*^*(C0f«tfe 

ISBtt. «t U>X31 ©it* tJWf h*fe 

-fey hfi^50/imtr, W«(c«tO«^$-y-fc«®cD^iS 

**4* ©*^. 7x;u-jKoiae»cj:*3ttm*<osefl:* 

15 tt 3 IWii6©Z*|*107x;p— ;KZ)»«|K: 

—)i><D±&i!>m&\z-k'g<f£2>m'£'b&z><n-c~7x.)\'— 
[0 0 4 0] ±5fi<0«t3<C*3B*tc«**ttKJ:ntf, 

20 7 x ;w-;kzd^i&^ fcttiate»c J: o ftffi?j si£i/>«l-e 

•Si^lc. &ffl^#**7 r 7y1r>7'U43«fctftt* ; F-<& 

[0 0 4 1] @8li, ±i$©<fc3&II§£;iST5t/&£n 
30 fcJtt^o.— ;i/©^SS:^i-0-c»«>. 

[0 0 4 2] |W]0lC^T<to(C. ffi&<D£of3.j5}£-T?yt 

35 tCkOff 
[0 04 3] 

40 OWifir-SClt^ttlctta. 

[0 0 4 4] IP*, *»WtC»*Bii*ffi»C*l'»Ttt, 
H5>X7 '7^-;VHIlftC3t7 ^r-f ^/N*^g»L, & 

[0 0 4 5] *»BJ{Cii9. *«Trtt1l60jfJEUfctfy 
50 [BUBOffliHttKm] 
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z mzmm -e ^ z>v 7 r y -t > 7* u **-r sit 

[02 ] ♦RWCWSit^ya-^wBiB^ffiCfilt* 

[03] fc^tc^aft^i-^^jg^ffiicjstt-s 
[06] ^wkHRiJt^^a-^waajfi^ftic*^ is 

[07] *^B^lc^i,^->*i-;K^S3if^ffi(C*3tt 

^S5rl!4Bj-rsfc»<D0TS-5. 20 88 

[0 8] ^R^JCWSJt^E-^a— JKO«jfi3ErfelC«6oT 

[0 9] 86*©*ti?a-JU©«rti:«JB*tt«KWr 



•5fc*CD0T$)-5. 
[010] tt*03t'&5':L-JI'CHifi:&ttK:£b>Tttffl-* 

£. 

ii • • • maiHiss, 12 • • • ssss 

«. 13 • • • -9-7*7 yfe>7*U, 13a- -ft 

7 7-fA, 13b • • 7i;MK 13c 

• 13d • y$r-s;. 14- 

• • *9)\,r\y*r— ->*, 21 • • • u-t7"^7;uSB. 

22- • • 1+7*7 7* 'J. 23- • • JteSTP, 
24 • • • 1^>X, 25 • • • »3tt ■ 
SB, 30 • • • +1-7*7 -y-fe> 7*'J, 

32 • • • 3rf -y 
34 • • • =E 

+J-7*Vt?> K 
• U - Ftf>. 

43 • • • tJSy^Sfi (EI 
IJ-K7U-A, 45- • -#>tV 
61 • • • ^7 7-fA, 62 • • • 7 



31 • • • SKU>X*. 
7\ 33 • • • $S3t*-"F. 
r.^'fflgiTtST-- 35 • • 
36 • • • XrA, 37 • 

38 • • • 41 

42 • • • ®mm?. 

«) , 44 • 

>7*7-r-\'. 



63 



X'J— 7* 
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(a) 



180 
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360 
<P-3) 



{b) 3b&-h&± o' 





(c) Xmi3&'h 180* 
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